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Io 
In a preceding paper' it has been shown that, when a piece of stem 
inhibits  the production  of roots  and  shoots in a  leaf of Bryophyllum 
calycinum  connected  with  it, the  stem  gains  in  mass  and  this  mass 
equals  approximately  the  mass  of  shoots  and  roots  the  leaf  would 
have produced if it had been detached from the stem.  On the basis 
of this fact it was suggested that the inhibitory influence of the stem 
upon the formation of roots and shoots in the leaf is due to the fact 
that  the  material  available  for  this  process naturally  flows into  the 
stem. 
In  these  experiments  the  quantity  of roots  formed  had  not  been 
measured  directly  but had  been  calculated  on  the  assumption  that 
the dry weight of the roots  formed is on the average 42 per cent of 
the dry weight of the shoots formed in  the  same leaves.  Since  this 
experiment  seems  to be crucial  for  the  answer  to  the  question  why 
the leaf does not form shoots or roots as long as it forms a  part of a 
normal  plant it  seemed advisable to  make  a  direct determination  of 
the mass  of roots  formed by an  isolated  leaf.  Five new sets of ex- 
periments, as a  rule with eight pairs of sister leaves, were made.  The 
method was the same as that  described in the first paper. I  Table I 
gives  the  dry weight  of the  organs.  The  experiments  lasted  about 
1 month;  if they last too short a  time the error in measuring vitiates 
the  result  and  if we wait  too long another  complication  arises  inas- 
much  as  the leaves of the shoots formed become too large  and  con- 
tribute too much material  for further growth and regeneration. 
i Loeb, J., J. Gen. Physiol., 1919-20, ii, 297. 
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In  Table I, a  is the dry weight of roots and shoots formed by the 
isolated  leaves without stems;  b is  the  dry weight  of  the  half  stems 
cut  off from  these leaves at the beginning of the experiment; al is the 
dry weight of roots and  of shoots formed by the  sister leaves left in 
connection  with  a  piece  of  half  stem.  bl is  the  dry  weight  of  the 
latter hal/stems  at  the  end  of  the  experiment.  According  to  our 
theory  the  inhibitory  effect  of  this  piece of stem left in  connection 
with  a  leaf on  the production  of roots and  shoots by the leaf should 
be due to the fact that naturally the material  (or the greater part of 
TABLE  I. 
Dry Weight of Roots, Shoots, and Half Stems. 
Experi- I 
ment 
No.  [ 
Duration. 
i  days 
I 
30 
i  33 
[  33 
i 
3O 
I 
3O 
Roots. 
g~. 
0.169 
0.133 
0.127 
i 
[  0.127 
i 
i 
I  0.101 
Shoots. 
gm. 
0.412 
0.408 
0.509 
0.438 
0.416 
b 
0.474 
0.426 
0.415 
0.563 
0.422 
a 1 
Roots. 
gm. 
0.039 
0.062 
0,045 
0.053 
0.043 
Shoots. 
gm. 
0.067 
0.158 
0.114 
0.143 
0.162 
bl 
gm. 
1.054 
0.753 
1.034 
1.029 
0.823 
a 
a I  +  b I  -  b 
581 
=  o.85 
541 
=  0.99 
636 
=  0.82 
565 
~-~-- 0.85 
517 
~-~ =  0.85 
the material) used for root and shoot production in the leaf flows into 
the stem and is utilized here for growth.  We should therefore expect 
to find that the dry weight of the half stern (bl) left in connection with 
the leaf should increase as much as or even more than the difference in 
the  dry weight  of the  roots  and  shoots produced in  the  two sets of 
sister leaves amounts  to.  If a  is  the mass of shoots and  roots pro- 
duced by the leaf isolated completely from the stem,  al  the mass of 
roots and shoots produced by the sister leaves left in connection with 
the half  stem,  b the mass  of the half  stems  at  the beginning  of  the 3ACQtmS LO~.~  683 
experiment, and b~ the mass at the end, we should expect to find that 
a 
bl  -  b ~  a  -  al or that  ~  1.  Table I  shows that this 
al  +  b~  -  b 
a 
is correct.  The average ratio of  is 0.87. 
al  +  bl  --  b 
When a  leaf is connected with a  stem which prevents regeneration 
in  a  leaf the inhibitory effect is  therefore due  to  the fact that  the 
material available for the regenerative growth in the notches of the 
leaf flows into the stem.  In fact 14 per cent more dry weight goes 
from  the  leaf into the  stem  than would go into  the growth of  the 
regenerating leaf.  For some reason the flow of sap into the regenerat- 
ing parts in the notches of a  leaf seems to be less  complete than the 
flow of avMlable material into the stem. 
II. 
The material which goes into the stem is used for different purposes; 
it may .cause the growth of an axillary shoot in the stem as in Fig. 1. 
Part of it causes an increase in the mass of the stem.  The stippled 
lines in Fig. 1 indicate part of the  increase in the mass of the stem. 
This increase is greatest at the basal end where it constitutes the callus. 
In a paper previously published  2 the writer has called attention to 
the fact that when a  piece of stem is  left in connection with a  leaf 
the inhibitory effect on the formation of roots in the leaf increases 
with the size of the piece of the stem but less rapidly than this.  This 
is due to the fact that the increase in mass of the stem is not the same 
throughout the whole length of the stem but that it is greater at the 
base  and possibly also  (though to a  lesser degree)  in  the  region of 
a node. 
Hence  the  increase in mass of a  stem  consists of the sum of two 
quantities, c  +  l  cl,  where c expresses the mass of the callus which 
does  not  necessarily increase  with  the mass  of  the  stem, and  l  cl, 
where l  is the length of the stem and c~ the increase in the mass per 
cm.  length of a  stem with unit  periphery.  It is  obvious  why  the 
inhibitory power  of  a  stem  increases  generally with  its  length  but 
less rapidly. 
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Figs.  2  and  3  show the distribution  of the reddish  pigment formed 
in  the leaves suspended in air and drying out.  The reddish  pigment 
is indicated  by the  stippled  area in  the leaf.  In the  two leaves con- 
nected  with  a  piece  of stem where  the  regeneration  of shoots  in  the 
leaf  is  inhibited  the pigment flows into the stem and the newly form- 
ing  shoots  in  the  stem.  The old  leaf contains  pigment only in  that 
part  which  is  close  to  the  petiole  and  this  is  obviously  pigment  in 
FIG.  1.  Leaves  suspended  with  apex  in  water.  Inhibitory  influence  of  a 
piece of half stem on shoot and root formation in leaf connected with it.  The 
leaf to the right (without stem) has formed three vigorous shoots and numerous 
roots.  The sister leaf with a small piece of split stem attached has formed in the 
same time a tiny shoot and a few roots.  The material required for root and shoot 
formation in the leaf has migrated into the stem and gives rise there to an axillary 
shoot and to the growth in the stem indicated by stippling.  Duration of experi- 
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the process of flowing into  the stem.  The two sister leaves  without 
stems have formed shoots and roots in their notches, one at the base 
and the other on one side.  The reddish pigment is collected near  the 
.  .: 
FIa.  2.  Two sister leaves suspended  entirely in air.  The stippling indicates 
the reddish pigment.  In the leaf to the left which is connected with a piece of 
stem the pigment flows into the axillary shoot of the stem, into the petiole, and is 
collected in the upper part of the leaf nearest the petiole.  In the sister leaf with- 
out stem it collects near the place where the new shoots are formed and in the 
new shoots.  Duration of experiment, Feb. 17 to Apr. 5. 
newly formed shoots and  on its way to these  organs.  These  obser- 
vations support the assumption that the inhibitory effect of the piece 
of stem on shoot formation in a leaf is due to the fact that the material 
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stem.  It also illustrates the principle that when in one part of the 
leaf growth is very rapid the growth in other parts of the leaf is retarded 
or inhibited for the reason that  the flow of material is towards the 
rapidly growing organs. 
These drawings were made later  than  those  given in  a  previous 
paper) which were for this reason less striking. 
The inhibitory effect of a  small piece of stem on a  leaf does not 
last permanently.  It is possible that at first the piece of stem grows 
in the way described thus inhibiting growth in the leaf, but that  later 
FIG.  3.  The ssme as Fig. 2. 
the rate of growth in the piece of stem diminishes, and parallel with 
this  the inhibition of the piece of stem on the growth of roots and 
shoots in the leaf diminishes also. 
a Loeb, J., J. Gen. Physiol.,  1919-20, ii, 373. JACQUES LOEB  557 
SUMMARY. 
This paper contains the results of a reexamination of a law expressed 
in a  previous paper;  namely,  that  when  a  piece of stem inhibits  the 
growth of shoots and roots in a leaf connected with it the dry weight 
of the stem increases and  that  this gain equals approximately the mass 
of shoots and  roots the leaf would have produced if it had been de- 
tached  from  the  stem.  This  has  been  confirmed  and  it  has  been 
shown  that  the gain  of the  stem  as a  rule  even exceeds slightly the 
mass of shoots and roots the leaf would have produced if it had not 
been inhibited by the stem.  This supports the idea that  the inhibi- 
tory influence of the stem upon the formation of roots and shoots in 
the leaf is due to the fact that  the material  available  and  required 
for this process naturally flows into the stem. 